Objectives-To systematically compare the results of dobutamine stress echocardiography in matched groups of hypertensive and normotensive patients with anginal chest pain and normal coronary arteriograms (CPNA). Setting-University hospital. Subjects-33 patients with exertional anginal chest pain, a positive exercise stress ECG, and a completely normal coronary arteriogram; 17 had a history of systemic hypertension (14 women; mean (SD) age 57 (6) years), and 16 had no hypertensive history (12 women; age 54 (9) years). Methods-Ambulatory ECG monitoring, dobutamine stress echocardiography, and thallium-201 single photon emission computed tomography (SPECT) were performed in all subjects. Results-All patients had normal left ventricular systolic function at rest and none fulfilled the criteria for ventricular hypertrophy. Eight normotensive patients and 10 hypertensive patients had perfusion abnormalities on thallium SPECT (p = 0.61). Dobutamine infusion reproduced anginal pain in seven normotensive and seven hypertensive patients (p = 0.88). ST segment depression was also recorded in eight normotensive patients and seven hypertensive patients (p = 0.61). No patient in either group developed regional wall motion abnormalities during dobutamine stress echocardiography. Conclusions-Neither hypertensive nor normotensive CPNA patients developed regional wall motion abnormalities during dobutamine stress echocardiography, despite the high prevalence of scintigraphic perfusion defects in both groups and the presence of chest pain and ST segment depression. Thus myocardial ischaemia was not present in either group, or else dobutamine stress echocardiography is insensitive to ischaemia caused by microvascular dysfunction.
Both hypertensive and normotensive patients may present with anginal chest pain despite completely normal coronary arteriograms (CPNA), and a high prevalence of scintigraphic perfusion defects has been reported in such patients. [1] [2] [3] [4] The underlying pathophysiological mechanisms remain incompletely understood, but the existence of coronary microvascular dysfunction leading to myocardial ischaemia has been proposed. 5 6 The concept of microvascular ischaemia in hypertensive CPNA patients has been supported by evidence of structural and functional microvascular abnormalities [7] [8] [9] and its validity has been generally accepted. In contrast, the notion that chest pain in normotensive CPNA patients (syndrome X) is caused by myocardial ischaemia is not universally accepted. Recent studies using stress echocardiography have failed to show regional wall motion abnormalities in normotensive CPNA patients, [10] [11] [12] [13] casting doubts on to the existence of microvascular ischaemia in syndrome X. However, although the diagnostic accuracy of stress echocardiography is well established in coronary artery disease, 14 its sensitivity is reduced when the diameter of the diseased vessel is less than 2.6 mm. 15 Consequently, this technique may not be ideally suited to the investigation of patients who might have microvascular ischaemia. Our aim in the present study was to compare systematically the results of dobutamine stress echocardiography in well matched groups of hypertensive and normotensive CPNA patients with positive exercise electrocardiograms.
Methods

STUDY PATIENTS
Study patients were recruited from a specialised CPNA clinic at St George's Hospital. Baseline characterisation included electrocardiographic exercise stress testing, transthoracic cross sectional echocardiography, and hyperventilation/ergonovine provocation testing for coronary spasm. All patients gave written informed consent before participation and the local ethics committee approved the study protocol. Study inclusion criteria were exertional angina, a positive ECG response to exercise stress testing (0.1 mV horizontal or downsloping ST segment depression 80 ms after the J point), and a completely normal coronary arteriogram. Patients with evidence of left ventricular hypertrophy, valvar disease, or myocardial disease on echocardiography were excluded, as were those who developed chest pain or ECG changes suggesting epicardial coronary artery spasm during provocation testing. Patients with diabetes mellitus, a plasma cholesterol concentration above 6.5 mmol/l, smokers, or with non-cardiac causes of chest pain were also excluded.
The study population consisted of 33 patients divided into two groups. The first group (group 1; n = 17) consisted of patients with a history of hypertension, defined by a diastolic blood pressure > 95 mm Hg requiring long term antihypertensive treatment (14 women, three men; mean (SD) age 57 (6) years); the second group (group 2; n = 16) comprised patients with no history of hypertension (12 women, four men; mean age 54 (9) years). The mean duration of hypertensive treatment in group 1 was eight years (range three to 17 years). Apart from three patients who had mildly raised plasma creatinine concentrations there were no other secondary manifestations of hypertension. Mean blood pressure in group 1, as measured during the last study visit, was 151 (11) mm Hg systolic and 91 (10) mm Hg diastolic.
All patients were symptomatic at the time of the study. They predominantly complained of chest pain during exercise with the characteristics of angina pectoris (that is, location, character, radiation, duration, and relief by resting or short acting nitrates). Eleven normotensive patients and eight hypertensive patients also described atypical symptoms including prolonged episodes of chest pain or episodes at rest. The presence of myocardial ischaemia in study patients was investigated by ambulatory electrocardiographic monitoring, dobutamine stress echocardiography, and thallium-201 single photon emission computed tomography (SPECT). All patients discontinued cardioactive drugs for at least 48 hours before examinations.
AMBULATORY ECG MONITORING
All patients underwent 24 hour ambulatory ECG monitoring using a three channel, amplitude modulated recorder (Marquette 8500, Marquette Electronics Inc, Milwaukee, Wisconsin, USA). During monitoring, patients were instructed to keep a log of their activities and symptoms. ST segment analysis of all recordings (Marquette 8000 laser Holter, version 5) was performed independently by two investigators. A significant episode of ECG ischaemia was defined as a period of horizontal or downsloping ST segment depression of > 1 mm at 80 ms after the J point, lasting for more than one minute.
DOBUTAMINE STRESS ECHOCARDIOGRAPHY
The cardiac dimensions were measured by M mode echocardiography according to the recommendations of the American Society of Echocardiography. 16 Left ventricular mass was determined using the Devereux formula, 17 and the left ventricular mass index was calculated by dividing the left ventricular mass by the body surface area. Left ventricle hypertrophy was diagnosed in the presence of a mass index of > 134 g/m 2 for men and > 110 g/m 2 for women. 18 Standard tomographic views of the left ventricle were acquired before and during dobutamine infusion, using parasternal long and short axis and four or two chamber projections. The images were continuously recorded on 0.75 inch (19 mm) videotape and from a separate black and white output, in a digital quad-screen format (Image View, DCR version 1.61, Nova MicroSonics, Allendale, New Jersey, USA) every three minutes and during recovery. Dobutamine was infused in a peripheral vein by incremental doses (5, 10, 15, 20, 30 , and 40 µg/kg body weight/min) at three minute intervals. Intravenous atropine (bolus dose 0.6-1.2 mg) was given if 85% of the maximum predicted heart rate was not achieved at the maximum infusion rate. A 12 lead ECG was recorded every three minutes, and blood pressure was monitored every minute using an automatic cuV sphygmomanometer. Echocardiograms were reviewed by two experienced observers, unaware of the results of the other studies. Segmental wall motion was assessed by dividing the left ventricle into 16 segments according to the recommendations of the American Society of Echocardiography, 19 and positivity was defined by the development of a new wall motion abnormality (hypokinesia, akinesia, dyskinesia) or worsening regional wall motion abnormality not present at baseline.
THALLIUM-201 SINGLE PHOTON EMISSION COMPUTERISED TOMOGRAPHY
As part of their clinical characterisation, thallium SPECT was performed in all patients according to a previously published protocol. 20 Patients were requested to abstain from xanthine containing food and drinks for at least 24 hours before the study. They were given a loading dose of dipyridamole, 0.56 mg/kg over four minutes, combined with three minutes of straight leg raising. This was followed by intravenous administration of 2 mCi of thallium-201 chloride. Imaging was begun within 10 minutes of the administration of the radionuclide and again after three hours, using a large field of view gamma camera (E1-Scint SP6). Images were acquired in an arc of 180°, from the left posterior 45°o blique to the right anterior 45°oblique position. Thirty images were taken for every 6°i nterval for 45 seconds/view. Filtered back projections were obtained using a ramp filter at a cut oV frequency of 0.5 c/s. No attenuation or scatter correction was used. The E1-Scint SP1 computer was used for image reconstruction. Bullseye polar coordinate map images were produced.
All images were assessed independently by two observers without knowledge of the results of other studies. Perfusion defects suggestive of myocardial ischaemia were defined as impaired perfusion with redistribution of at least one segment in the delayed thallium-201 images. The redistribution of the thallium tracer was assessed by visually comparing the immediate with the delayed images. Fixed defects were defined as regions with reduced uptake of thallium-201, which persisted on delayed images. Reversible perfusion defects suggestive of myocardial ischaemia were those which showed diminished perfusion during stress but normal perfusion in rest images.
STATISTICAL ANALYSIS
Values are presented as mean (SD) or percentages where appropriate. Between group comparison of continuous data was performed using a two tailed unpaired t test with log transformation of non-normally distributed variables where necessary. The 2 or Fisher's exact tests were used as appropriate for comparison of categorical data. A probability < 0.05 was considered statistically significant.
Results
Demographic data and clinical characteristics of the patients are presented in table 1.
AMBULATORY ECG MONITORING
Three hypertensive patients and two normotensive patients had T wave flattening or inversion on their resting ECG. None of the hypertensive patients satisfied the ECG criteria for left ventricular hypertrophy.
21 Nine normotensive and eight hypertensive patients had episodes of significant ST segment depression during the monitoring period. There were no significant diVerences between the two groups regarding the mean number of ST segment depression episodes (group 1, hypertensive, 8.0 (4.5) v group 2, normotensive, 10.2 (10.0); p = 0.88) or the mean duration of each ST segment depression episode (group 1, 8.6 (7.6) minutes v group 2, 12.0 (11.2) minutes; p = 0.51). The mean total duration of ST segment depression was also similar in the two groups (group 1, 62.4 (53.0) minutes v group 2, 72.8 (52.7) minutes; p = 0.47).
DOBUTAMINE STRESS ECHOCARDIOGRAPHY
All patients had normal left ventricular systolic function at rest and none fulfilled the criteria for ventricular hypertrophy. None of the patients, whether hypertensive or normotensive, had wall motion abnormalities at rest. The interventricular septum was thicker in the hypertensive patients (9.5 (1.2) mm) than in the normotensive patients (8. Satisfactory echocardiographic imaging was achieved for segmental analysis in all patients. Basal and peak heart rate, blood pressure, and heart rate-blood pressure product during dobutamine stress echocardiography are presented in table 2. The mean percentage of heart rate achieved during dobutamine stress was more than 90% of target heart rate in both groups. Two patients from each group had a mild hypotensive response to dobutamine infusion but there were no other significant adverse events. Dobutamine infusion reproduced anginal pain in seven normotensive and seven hypertensive patients (p = 0.88). ST segment depression was also recorded in eight normotensive and seven hypertensive patients (p = 0.61), and two hypertensive patients developed transient left bundle branch block at peak stress. In these two patients we observed the characteristic septal wall motion alteration, which lasted as long as left bundle branch block was present. Wall thickening was normal throughout. No ischaemic regional wall motion abnormalities were demonstrated in either group during dobutamine stress echocardiography.
THALLIUM-201 SINGLE PHOTON EMISSION COMPUTERISED TOMOGRAPHY
Eight normotensive patients and 10 hypertensive patients had perfusion abnormalities on thallium SPECT (p = 0.61). Thallium defects were similar in both groups. In the normotensive group, seven had transient defects and one had a combination of fixed and transient defects. These defects were all observed in the anterior and apical region of the ventricle, except in one patient in whom the defect was located in the inferior wall. In the hypertensive group, seven had transient defects and three had a mixed pattern of fixed and transient defects. All defects in the hypertensive group occurred in anterior wall. There was no clear relation between scintigraphic findings and either chest pain or electrocardiographic changes during dobutamine stress in either group.
Discussion
In this study, we compared the response to dobutamine stress in two well characterised groups of CPNA patients, one normotensive and one hypertensive, using transthoracic echocardiography. Both groups had anginal pain and ischaemic ECG changes during exercise testing, and in a large proportion scintigraphic perfusion abnormalities were also demonstrated. Despite this evidence of abnormal perfusion and electrocardiographic ischaemia, we failed to demonstrate regional wall motion abnormalities during dobutamine stress echocardiography in either group. Our findings are consistent with those of other groups, which have been unable to show regional wall motion abnormalities during transthoracic stress echocardiography in normotensive CPNA patients. [10] [11] [12] [13] However, although the concept of microvascular ischaemia is more widely accepted in hypertensive patients who present with chest pain despite normal coronary angiograms than in patients with syndrome X, our study does not indicate that abnormal stress echocardiographic findings are any more likely to occur in hypertensive than in normotensive patients. As part of a study to assess the diagnostic accuracy of dobutamine stress echocardiography in hypertensive patients, Senior et al investigated 43 patients with systemic hypertension, anginal chest pain, and positive exercise ECGs and did not find regional wall motion abnormalities during dobutamine stress echocardiography in any of those (n = 14) with normal coronary arteriograms. 22 Interestingly, they also found that regional wall motion abnormalities during dobutamine stress echocardiography were not more likely to occur in hypertensive CPNA patients with left ventricular hypertrophy (n = 9) than in those without (n = 5). More recently, Panza et al have used transoesophageal dobutamine stress echocardiography to investigate a group of CPNA patients which included 14 borderline hypertensive individuals and also did not find regional all motion abnormalities, despite the occurrence of chest pain and ischaemic ECG changes during stress. 13 Although these studies have provided some information about dobutamine stress echocardiography in hypertensive patients with CPNA, our present study is the first to specifically compare stress echocardiographic findings in similar groups of normotensive and hypertensive CPNA patients.
Stress echocardiography is a clinically established technique, which is sensitive and specific for the identification of significant angiographic coronary disease. 14 The results of the present study support the fact that dobutamine stress echocardiography has a high specificity in the assessment of significant coronary artery stenoses. However, Bartunek et al have recently reported that the sensitivity of stress echocardiography for detecting significant epicardial stenoses is reduced when the diameter of the diseased vessel is less than 2.6 mm. 15 Therefore the absence of regional wall motion abnormalities on stress echocardiography in CPNA patients may not necessarily exclude an ischaemic mechanism reflecting microvascular dysfunction. In this context, Maseri et al have previously proposed a model of "patchy" constriction of prearteriolar vessels in CPNA patients resulting in small ischaemic foci. 23 Such patchy ischaemia might be undetectable by stress echocardiography, not only because of the small size of the ischaemic segments but also because of a tethering eVect of neighbouring nonischaemic segments which may induce a passive systolic inward motion.
Despite the absence of significant epicardial coronary stenoses, scintigraphic perfusion defects are often detected in hypertensive CPNA patients, especially (but not entirely) in those with left ventricular hypertrophy. 4 In our present study, we were able to show scintigraphic abnormalities in over half of the hypertensive CPNA patients without left ventricular hypertrophy. This finding emphasises that the occurrence of scintigraphic defects in hypertensive CPNA patients is not dependent on the presence of left ventricular hypertrophy. It is also established that most patients with uncomplicated hypertension do not have left ventricular hypertrophy, 24 as in our hypertensive group. Brush et al have also reported anginal chest pain and functional abnormalities of coronary resistance vessels in hypertensive patients in the absence of left ventricular hypertrophy. 25 Furthermore, Vogt et al found no correlation between reductions in coronary flow reserve and the severity of left ventricular hypertrophy in a study group of more than 200 hypertensive patients. 26 Thus it is unlikely that myocardial hypertrophy and increased extravascular compression forces are the sole mechanisms responsible for microvascular dysfunction and perfusion abnormalities in hypertensive patients. Structural or functional changes in the coronary microcirculation must also be considered. The evidence for structural changes in hypertensive resistance arteries is well established, 7 and such changes aVecting the wall to lumen ratio of the vessel may have a profound eVect on vascular resistance. 8 Capillary rarefaction 9 has been demonstrated in hypertensive patients and may represent another important structural change in the microvasculature. Abnormal endothelium dependent vascular relaxation in the coronary resistance vessels has also been found in hypertensive patients. [27] [28] [29] [30] Such endothelial dysfunction may produce inhomogeneity of regional myocardial perfusion resulting in localised scintigraphic defects. This hypothesis is supported by the findings of Aguirre et al, 31 who found a greater reduction of coronary flow reserve in territories with than without scintigraphic ischaemia in hypertensive CPNA patients.
Similar pathophysiological mechanisms involving coronary microvascular abnormalities have been proposed to explain the presence of scintigraphic perfusion defects and coronary flow reserve abnormalities in normotensive CPNA patients. 32 33 Furthermore, both Zeiher et al 34 and Hasdai et al 35 have shown an association between scintigraphic perfusion defects and impaired regional endothelium dependent vasodilatation of the coronary microcirculation in normotensive CPNA patients. The consistency of findings between hypertensive and normotensive CPNA patients, along with the high prevalence of scintigraphic defects in both groups, suggests that the absence of regional wall motion abnormalities during dobutamine stress echocardiography cannot exclude the existence of patchy myocardial ischaemia secondary to coronary microvascular dysfunction. Such a mechanism has received further support from preliminary findings indicating that increased intracardiac oxidative stress may play a significant pathophysiological role in CPNA patients. 36 As highlighted by Cannon in a recent editorial, 37 the presence of endothelial microvascular dysfunction may not necessarily be synonymous with ischaemia. Perfusion abnormalities in patients with microvascular dysfunction may only represent inhomogeneity of blood flow between diVerent myocardial regions without absolute reductions in blood flow. Nevertheless, our findings suggest that this possibility must be considered equally in both normotensive and hypertensive CPNA patients, despite the abundance of pathogenic mechanisms to explain microvascular ischaemia in the latter group.
CONCLUSIONS
Neither hypertensive nor normotensive CPNA patients develop regional wall motion abnormalities during stress echocardiography. These negative findings may indicate the absence of significant ischaemia in both groups. However, a mild patchy ischaemia secondary to microvascular dysfunction cannot be excluded and may be beyond the detection limit of the technique.
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IMAGES IN CARDIOLOGY
A pre-excitation growing up over the time A 35 year old woman was followed up regularly from the age of 8 months, when she was diagnosed with dilated cardiomyopathy secondary to neonatal chickenpox. Aged 5 years, WolVParkinson-White syndrome was recognised based on the presence of a persistent preexcitation pattern and the occurrence of paroxysmal self limited orthodromic re-entrant tachycardia. During follow up, the degree of the pre-excitation increased progressively. The delta-QRS duration lengthened from 130 ms to 280 ms as the cardiothoracic ratio increased from 0.57 aged 5 years (top) to 0.64 aged 35 (bottom).
In patients with WolV-Parkinson-White syndrome, the typical QRS pattern with a slurred initial upstroke is the consequence of the fusion between an earlier activation of some part of the ventricular muscle through the bypass tract (expressed by the typical delta wave) and others normally activated by the normal atrioventricular (AV) conduction system.
In our case, the progression of the cardiomyopathy, unquestionably related to increasing myocardial fibrosis, resulted in delayed conduction down the normal route. Thus, a greater part of the ventricles was activated through the anomalous bundle. Consequently, the progressive increase in the degree of the pre-excitation in a damaged muscle devoid of Purkinje fibres, as normally occurs in the basal portions of the ventricles, explains the widening and bizarre configuration of the delta−QRS complex.
The appearance of the relatively narrow QRS (140 ms) during the tachycardia gives indirect support to the interpretation that the amount of pre-excited muscle determines the broad and distorted ventricular complex.
